Organophosphate and carbamate insecticides produce their toxic effects by binding with cholinesterase enzymes, resulting in the inhibition of acetylcholine catabolism. Excessive acetylcholine levels cause excessive synaptic neurotransmitter activity. In most animal species, whole blood is the preferred sample for evaluation of cholinesterase activity. Previous reports of cholinesterase activity in carp have involved sampling of serum, plasma, brain, liver, muscle, and heart. Whole-blood samples were obtained from 12 healthy koi (Cyprinus carpio). Whole-blood cholinesterase activity was measured in all 12 samples. Plasma cholinesterase activity was also measured in 4 samples. The overall average of the whole-blood cholinesterases was 0.08 mol/ml/minute (SD ϭ 0.024). The results for the plasma cholinesterases were similar, with an average of 0.08 mol/ml/minute (SD ϭ 0.012). Because these reference values are below the minimum detection limit for the method of analysis used, results from blood samples from koi suspected to be suffering from anticholinesterase toxicosis may be uninterpretable.
Anticholinesterase insecticides are widely available as organophosphates and carbamates, formulated as sprays, pour-ons, baits, dips, dusts, powders, and granules. Common organophosphates include diazinon, chlorpyrifos, and disulfoton; examples of carbamates are carbaryl, methomyl, carbofuran, and propoxur. Anticholinesterase insecticides produce their toxic effects by competitively binding with cholinesterase enzymes. Organophosphates cause irreversible inhibition of acetylcholinesterase and carbamates cause reversible inhibition, with both resulting in the inhibition of acetylcholine catabolism. 7 Elevated acetylcholine levels cause excessive synaptic neurotransmitter activity. 9 Toxicity of anticholinesterase insecticides is dependent on both the dose of agent involved and the susceptibility of the animal species. Fish may potentially be exposed to these chemicals as a result of direct introduction to their environment or drift or runoff from a nearby application site. Relay toxicosis is also possible. Examples of water concentrations of specific agents that have been associated with fish kills are Dursban (chlorpyrifos) Ͼ 0.01 mg/liter, diazinon Ͼ 0.2-5.2 mg/liter, Zectran (mexacarbate) Ͼ 2.5-17 mg/liter. 8 paralysis can also be observed. 9 Signs reported in fish exposed to organophosphate insecticides include restlessness, erratic swimming, convulsions, and difficulty in respiration. 2 In most animal species, whole blood is the preferred sample for evaluation of cholinesterase activity. Previous reports of cholinesterase activity in carp have involved sampling of serum, plasma, brain, liver, muscle, and heart, 5,6,10 with brain often being the tissue of choice in dead fish. Several studies have shown that carp are capable of recovering from cholinesterase inhibition; 1,10 therefore, nonlethal diagnostic methods would be clinically useful when investigating a potential case of organophosphate or carbamate insecticide toxicosis in fish.
The study animals were 12 approximately 2-yearold koi (Cyprinus carpio). The fish ranged between 26 and 44 cm in length and weighed between 212 and 1,014 g. The fish had been acclimated for 30 weeks in a flow-through well water system and fed commercial trout food a once daily. The koi were anesthetized with 200 mg/liter buffered tricaine methanesulfonate. b Approximately 1.0 ml of whole blood was obtained from the caudal hemal arch of each fish using a heparinized 22-gauge 2.54 cm needle attached to a 3-cc syringe.
Whole-blood cholinesterase activity was measured in all 12 samples using the modified Ellman method. 4 Because 1 sample was clotted, it was spun down, so the analysis was performed primarily on plasma. To evaluate if this may have significantly affected the result, plasma cholinesterase activity was also measured in 4 additional samples. Duplicate samples of blood or plasma were diluted 1:1,000 with pH 8.0 phosphate buffer. c Solution (3.0 ml) from each sample was then pipetted into each of the two 1-cm cuvets. d One cuvet was placed into the reference compartment and 1 into the sample compartment of a spectrophotometer e set to measure absorbance at 25 C. Fifty microliters of dithiobisnitrobenzoic acid f was added to each cuvet, and the spectrophotometer was set to 412 nm and adjusted to zero absorbance. Twenty microliters of acetylthiocholine iodide reagent g was added to the sample cuvet only. After 30 seconds, an initial absorbance reading was taken and then repeated at 1-minute intervals for 6 minutes.
Results with the units of M/ml/minute were determined using the following equation: (final absorbance Ϫ initial absorbance) ϫ 73.6 divided by 6 minutes. The change in absorbance over time is correlated to cholinesterase activity.
The overall average of the whole-blood cholinesterases was 0.08 mol/ml/minute (SD ϭ 0.024). With the value from the clotted sample removed, the average becomes 0.075 mol/ml/minute (SD ϭ 0.019). The results for the 5 plasma samples were similar, with an average of 0.08 mol/ml/minute (SD ϭ 0.012).
A decrease in cholinesterase activity of greater than 50% is generally considered an indication of significant organophosphate or carbamate exposure. Less than 25% of normal activity is usually suggestive of anticholinesterase insecticide toxicosis. 3 A definitive diagnosis is based on the combination of appropriate clinical signs, decreased anticholinesterase activity, and the finding of an anticholinesterase insecticide in body tissues.
The measured reference values in these fish are actually below the minimum detection limit for the method of analysis used, 0.1 mol/ml/minute. 4 Unfortunately, this may make the evaluation of whole-blood and plasma samples from live koi suspected to have been exposed to anticholinesterase insecticides difficult. Potentially useful future studies might include analysis of the cholinesterase activity in other tissues from live koi, such as liver or muscle. Other fish species might also yield more clinically useful normal blood and plasma cholinesterase levels.
